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1. Introduction
The effective management of equipment is an important operational requirement for educational institutions. Bright Minds Academy uses shared equipment such as laptops, projectors, tablets, cameras and other digital learning resources. These resources may be needed by different students and staff members at different times. If the booking process is not organised properly, the academy may experience problems such as double-bookings, missing records, poor communication and inefficient use of equipment.
The aim of this project is to design, develop and evaluate a simple equipment booking system using Python. The system is intended to help staff manage equipment bookings in a more structured and reliable way. According to the project brief, the program does not need to use a database. Instead, lists and dictionaries in Python can be used to store information. This makes the project suitable for demonstrating core programming principles such as variables, functions, lists, dictionaries, loops, conditional statements, validation, testing and debugging.
The system is designed for staff use and provides four main functions. Firstly, staff can add new equipment to the system. Secondly, staff can record bookings by assigning a piece of equipment to a student for a specific date. Thirdly, staff can view all booking records. Finally, staff can search for bookings using either a student name or an equipment name. These features directly match the requirements shown in the assignment brief.
The project follows the Software Development Life Cycle, also known as the SDLC. This means the solution is developed through clear stages: analysis, design, implementation, testing and evaluation. Using the SDLC is important because it prevents the project from becoming unstructured. It ensures that the developer first understands the problem, then designs a suitable solution, implements the code, tests it carefully and finally reflects on the strengths and limitations of the finished system.
This report explains each development stage in detail. It includes requirements analysis, abstraction, problem decomposition, flowchart design, pseudocode, Python source code, code explanation, testing strategy, debugging commentary and evaluation. The purpose is not only to show that the program works, but also to demonstrate an academic understanding of why specific design and programming decisions were made.

2. Analysis
2.1 Problem Definition
Bright Minds Academy requires a simple and reliable system for managing equipment bookings. At present, if equipment bookings are handled manually, staff may need to rely on paper records, informal notes, spreadsheets or verbal communication. Although these methods may work for a very small number of bookings, they become unreliable when the number of equipment items, students or booking dates increases.
A manual process can create several problems. A staff member may forget to update a booking record. Another staff member may not see the updated information. A student may be allocated equipment that is already booked by someone else. Records may be written in different formats, making them difficult to search. Over time, this creates confusion and reduces the efficiency of the academy.
The main problem is therefore the lack of a structured and centralised method for recording equipment availability and bookings. The proposed Python system addresses this issue by allowing staff to store equipment and booking records in a consistent format. Even though the program is simple, it provides a more organised solution than an informal manual process.

2.2 Business Requirements
Business requirements describe what the organisation needs the software to achieve. For Bright Minds Academy, the system should support the daily administration of equipment bookings.
The key business requirements are:
1. Improved organisation of equipment records
The academy needs a clear list of available equipment. Staff should be able to add equipment names such as “Laptop 1” or “Projector A” to the system. 
2. Improved booking accuracy
Each booking should include the student name, equipment name and booking date. This helps create a clear record of who has been assigned which item. 
3. Faster access to information
Staff should not need to search through paper notes manually. The search feature should help them locate bookings quickly. 
4. Reduced administrative errors
Input validation should prevent incomplete records, such as a booking without a student name or equipment name. 
5. Simple implementation
The system should be developed using basic Python data structures rather than a database, because the brief specifically allows the use of lists and dictionaries. 
2.3 Abstraction
Abstraction is the process of focusing on the important features of a problem while ignoring unnecessary details. In this project, abstraction helps reduce the real-world equipment booking process into the essential components needed for a simple program.
In a real academy, equipment management could involve many complex details such as serial numbers, maintenance schedules, overdue returns, staff login accounts, room numbers, approval workflows and damage reports. However, the assignment brief clearly states that maintenance and overdue returns are not required. Therefore, these features are excluded from the current system.
The system focuses only on the essential data needed for the booking process:
· Equipment name 
· Student name 
· Booking date 
This abstraction is appropriate because it keeps the program simple and aligned with the project requirements. It also makes the code easier to understand and test.

2.4 Problem Decomposition
Problem decomposition means breaking a larger problem into smaller, more manageable parts. The equipment booking system can be decomposed into the following sub-problems:
2.4.1 Adding Equipment
The system needs a way to store new equipment items. This requires:
· Asking the user for an equipment name 
· Checking that the input is not empty 
· Adding the equipment name to the equipment list 
· Displaying a confirmation message 
2.4.2 Recording a Booking
The system needs a way to assign equipment to a student. This requires:
· Asking for the student name 
· Asking for the equipment name 
· Asking for the date 
· Checking that all fields are completed 
· Checking that the equipment exists 
· Saving the booking record 
2.4.3 Viewing Records
The system needs to display stored bookings. This requires:
· Checking whether any bookings exist 
· Displaying a message if no bookings exist 
· Displaying each booking clearly if records are available 
2.4.4 Searching Records
The system needs to search for bookings. This requires:
· Asking the user for a search keyword 
· Comparing the keyword with student names and equipment names 
· Displaying matching records 
· Displaying a message if there are no matches 
2.4.5 Exiting the Program
The system must allow the user to close the program safely. This requires:
· Providing an exit option in the menu 
· Ending the loop when the user selects that option 
This decomposition makes the system easier to design because each sub-problem can be implemented as a separate Python function.

2.5 Stakeholder Analysis
Stakeholders are the people affected by the software system.
2.5.1 Staff Members
Staff members are the main users of the system. They need to add equipment, record bookings, check existing bookings and search for information. The system must therefore be simple, clear and reliable.
Staff requirements include:
· A menu that is easy to understand 
· Clear prompts for input 
· Clear error messages 
· Fast access to booking records 
· A simple search feature 
2.5.2 Students
Students are indirect stakeholders. They may not use the program themselves, but they are affected by the accuracy of the booking process. If the system is reliable, students are more likely to receive the correct equipment on the correct date.
Student benefits include:
· Reduced booking confusion 
· Better access to equipment 
· Improved learning support 
· Fewer delays caused by missing or unavailable equipment 
2.5.3 Academy Management
Management benefits from improved organisation and accountability. A structured booking system can help the academy understand how equipment is used and whether more equipment may be needed in the future.
Management benefits include:
· Better visibility of equipment usage 
· Reduced administrative confusion 
· More professional resource management 
· Improved operational control 

2.6 Functional Requirements
Functional requirements describe what the system must do.
2.6.1 Add New Equipment
The system must allow staff to add new equipment items.
Sub-requirements:
· The user must be able to enter the name of the equipment. 
· The equipment name must be stored in a list. 
· The system must reject empty equipment names. 
· The system must confirm when equipment has been added. 
This feature is important because equipment must exist in the system before it can be booked.
2.6.2 Record Bookings
The system must allow staff to assign equipment to students.
Sub-requirements:
· The user must enter a student name. 
· The user must enter an equipment name. 
· The user must enter a booking date. 
· The system must check that the equipment exists. 
· The booking must be stored as a dictionary. 
· The booking must be added to a list of booking records. 
· The system must confirm when the booking has been recorded. 
This is the central function of the system because it creates the booking records.

2.6.3 View Booking Records
The system must display booking records.
Sub-requirements:
· The system must display student name, equipment name and date. 
· If no bookings exist, the system must display a suitable message. 
· The records must be shown in a readable format. 
This feature allows staff to review all current bookings.

2.6.4 Search Bookings
The system must allow staff to search bookings by student or equipment.
Sub-requirements:
· The user must enter a search keyword. 
· The search should work with student names. 
· The search should work with equipment names. 
· The search should not be case-sensitive. 
· Matching records must be displayed. 
· If no match is found, a clear message must be shown. 
This improves usability because staff do not need to manually read every record.
2.7 Non-Functional Requirements
Non-functional requirements describe how the system should perform.
2.7.1 Usability
The system must be easy to use. A menu-driven interface is appropriate because it gives users clear options. Staff do not need to remember commands; they only need to choose a number from the menu.
Usability is supported through:
· Numbered menu options 
· Clear prompts 
· Simple language 
· Confirmation messages 
· Error messages when incorrect input is entered 

2.7.2 Reliability
The system should behave consistently and should not crash because of simple user errors. Reliability is supported through validation. For example, if the user leaves the student name blank, the system should not save an incomplete booking.
Reliability is improved by:
· Checking empty input 
· Checking that equipment exists before booking 
· Showing messages when records are unavailable 
· Preventing invalid menu choices from crashing the program 

2.7.3 Maintainability
Maintainability refers to how easy the program is to update or repair. The system uses separate functions for different tasks. This means that if one part of the system needs changing, the developer can update one function without rewriting the whole program.
For example:
· add_equipment() manages new equipment. 
· record_booking() manages booking creation. 
· view_bookings() displays records. 
· search_booking() performs searches. 
This structure improves readability and supports future development.

2.7.4 Performance
The program should respond quickly. Since the system stores a small number of records in memory, lists and dictionaries are suitable. For a small academy, this is efficient enough.
However, if the system had thousands of bookings, performance could reduce because the search function checks records one by one. In a larger system, a database would be more appropriate.

2.7.5 Security
The current version does not include login security because this was not required in the brief. However, the program still protects basic data quality through validation.
Future security improvements could include:
· Staff login accounts 
· Password protection 
· Access levels 
· Audit logs showing who made each booking 

2.8 Constraints and Assumptions
2.8.1 Constraints
The project has the following constraints:
· The system must be developed in Python. 
· A database is not required. 
· Lists and dictionaries should be used for storage. 
· The system is console-based. 
· Maintenance and overdue returns are outside scope. 
These constraints shape the design of the system and keep the solution focused.
2.8.2 Assumptions
The system assumes that:
· Staff can use a simple text-based program. 
· Equipment names are entered consistently. 
· The number of bookings is small. 
· The user enters dates in the requested format. 
· Only basic booking information is required. 
These assumptions are reasonable for a small educational system but should be reviewed if the project is expanded in the future.

3. Design
3.1 SDLC Approach
This project follows the Software Development Life Cycle. The SDLC provides a structured method for developing software and helps ensure that the final system meets user requirements.
3.1.1 Analysis Stage
The problem was analysed by identifying the needs of Bright Minds Academy. The main requirements were identified from the project brief: add equipment, record bookings, view records and search bookings.
3.1.2 Design Stage
The design stage involved planning the system structure before coding. This included designing the menu, deciding on data structures, producing pseudocode and creating a flowchart.
3.1.3 Implementation Stage
The implementation stage involved writing the Python program. The system was built using functions, lists, dictionaries, loops and conditional statements.
3.1.4 Testing Stage
The testing stage checked whether each function worked correctly. Both valid and invalid inputs were tested.
3.1.5 Evaluation Stage
The evaluation stage considered whether the final system met the requirements. It also identified strengths, weaknesses and possible future improvements.

3.2 System Architecture
The system uses a simple modular architecture.
+--------------------------------------------------+
| Bright Minds Academy Equipment Booking System    |
+--------------------------------------------------+
| Main Menu                                        |
|  - Add Equipment                                 |
|  - Record Booking                                |
|  - View Bookings                                 |
|  - Search Bookings                               |
|  - Exit                                          |
+--------------------------------------------------+
| Data Storage                                     |
|  - equipment_list                                |
|  - bookings                                      |
+--------------------------------------------------+
The main menu controls the system. Each menu option calls a function. The equipment list stores equipment names, while the bookings list stores booking dictionaries.

3.3 Input–Process–Output Diagram
+------------------+        +----------------------+        +------------------+
|      INPUT       | -----> |       PROCESS        | -----> |      OUTPUT      |
+------------------+        +----------------------+        +------------------+
| Equipment name   |        | Validate input       |        | Confirmation    |
| Student name     |        | Store data           |        | Booking record  |
| Booking date     |        | Search records       |        | Search result   |
| Menu option      |        | Display records      |        | Error messages  |
+------------------+        +----------------------+        +------------------+
This diagram shows that the user provides input, the program processes the data, and then the system produces output. This model is useful because every part of the system can be explained through input, processing and output.

3.4 Flowchart
START
  |
  v
Create equipment_list and bookings list
  |
  v
Display Main Menu
  |
  v
User enters choice
  |
  +-----------------------------+
  | Choice = 1? Add Equipment   |
  +-----------------------------+
  | Choice = 2? Record Booking  |
  +-----------------------------+
  | Choice = 3? View Bookings   |
  +-----------------------------+
  | Choice = 4? Search Bookings |
  +-----------------------------+
  | Choice = 5? Exit Program    |
  +-----------------------------+
  |
  v
Return to Main Menu unless Exit is selected
  |
  v
END
Flowchart Explanation
The program starts by creating two empty lists: one for equipment and one for bookings. It then displays a menu. The user enters a choice, and the program checks which option was selected. If the user chooses option 1, the system adds equipment. If option 2 is selected, the system records a booking. Option 3 displays records, option 4 searches records, and option 5 exits the program. After completing options 1 to 4, the system returns to the menu so the user can continue working.

3.5 Pseudocode
START

CREATE empty list called equipment_list
CREATE empty list called bookings

WHILE program is running:
    DISPLAY menu options
    GET user choice

    IF choice is 1:
        ASK user for equipment name
        IF equipment name is not empty:
            ADD equipment to equipment_list
            DISPLAY success message
        ELSE:
            DISPLAY error message

    ELSE IF choice is 2:
        ASK user for student name
        ASK user for equipment name
        ASK user for booking date

        IF any field is empty:
            DISPLAY error message

        ELSE IF equipment is not in equipment_list:
            DISPLAY equipment not found message

        ELSE:
            CREATE booking dictionary
            ADD booking to bookings list
            DISPLAY success message

    ELSE IF choice is 3:
        IF bookings list is empty:
            DISPLAY no bookings message
        ELSE:
            DISPLAY all bookings

    ELSE IF choice is 4:
        ASK user for search keyword
        SEARCH bookings by student and equipment
        IF matches are found:
            DISPLAY matching records
        ELSE:
            DISPLAY no results message

    ELSE IF choice is 5:
        DISPLAY goodbye message
        STOP program

    ELSE:
        DISPLAY invalid option message

END
Pseudocode Explanation
The pseudocode gives a clear plan before writing the actual Python code. It shows the logic of the system in simple English-like steps. This helps reduce programming errors because the developer understands what each section of the program must do before implementation begins.

PART 2 – Implementation, Python Code, Testing, Evaluation and References

4. Implementation
4.1 Implementation Overview
The implementation stage converts the design into a working Python program. The program is written as a console-based application, meaning the user interacts with the system by typing information into the terminal or Python shell.
The system uses:
· Variables to store temporary values entered by the user. 
· Lists to store equipment and booking records. 
· Dictionaries to organise each booking record. 
· Functions to separate the program into manageable sections. 
· Loops to keep the menu running until the user exits. 
· Conditional statements to respond to user choices. 
· Validation to prevent incomplete or incorrect data from being stored. 
This structure is suitable because it meets the brief while keeping the program understandable and maintainable.

4.2 Full Python Code
# Bright Minds Academy Equipment Booking System

equipment_list = []
bookings = []


def add_equipment():
    """Allows the user to add a new equipment item."""
    equipment_name = input("Enter equipment name: ").strip()

    if equipment_name == "":
        print("Error: Equipment name cannot be empty.")
    elif equipment_name in equipment_list:
        print("Error: This equipment already exists.")
    else:
        equipment_list.append(equipment_name)
        print("Equipment added successfully.")


def record_booking():
    """Allows the user to record a new equipment booking."""
    if len(equipment_list) == 0:
        print("Error: No equipment has been added yet.")
        return

    student_name = input("Enter student name: ").strip()
    equipment_name = input("Enter equipment name: ").strip()
    booking_date = input("Enter booking date (YYYY-MM-DD): ").strip()

    if student_name == "" or equipment_name == "" or booking_date == "":
        print("Error: All fields are required.")
        return

    if equipment_name not in equipment_list:
        print("Error: This equipment does not exist in the system.")
        return

    for booking in bookings:
        if booking["equipment"].lower() == equipment_name.lower() and booking["date"] == booking_date:
            print("Error: This equipment is already booked on that date.")
            return

    new_booking = {
        "student": student_name,
        "equipment": equipment_name,
        "date": booking_date
    }

    bookings.append(new_booking)
    print("Booking recorded successfully.")


def view_equipment():
    """Displays all equipment stored in the system."""
    if len(equipment_list) == 0:
        print("No equipment has been added yet.")
    else:
        print("\nAvailable Equipment:")
        for index, equipment in enumerate(equipment_list, start=1):
            print(f"{index}. {equipment}")


def view_bookings():
    """Displays all booking records."""
    if len(bookings) == 0:
        print("No booking records are available.")
    else:
        print("\nBooking Records:")
        for index, booking in enumerate(bookings, start=1):
            print(f"\nBooking {index}")
            print(f"Student: {booking['student']}")
            print(f"Equipment: {booking['equipment']}")
            print(f"Date: {booking['date']}")


def search_bookings():
    """Searches bookings by student name or equipment name."""
    if len(bookings) == 0:
        print("No bookings are available to search.")
        return

    keyword = input("Enter student name or equipment name to search: ").strip().lower()

    if keyword == "":
        print("Error: Search term cannot be empty.")
        return

    results = []

    for booking in bookings:
        if keyword in booking["student"].lower() or keyword in booking["equipment"].lower():
            results.append(booking)

    if len(results) == 0:
        print("No matching records found.")
    else:
        print("\nSearch Results:")
        for index, result in enumerate(results, start=1):
            print(f"\nResult {index}")
            print(f"Student: {result['student']}")
            print(f"Equipment: {result['equipment']}")
            print(f"Date: {result['date']}")


def display_menu():
    """Displays the main menu options."""
    print("\n==========================================")
    print(" Bright Minds Academy Equipment System")
    print("==========================================")
    print("1. Add Equipment")
    print("2. Record Booking")
    print("3. View Equipment")
    print("4. View Booking Records")
    print("5. Search Bookings")
    print("6. Exit")


def main():
    """Main program loop."""
    while True:
        display_menu()
        choice = input("Choose an option (1-6): ").strip()

        if choice == "1":
            add_equipment()

        elif choice == "2":
            record_booking()

        elif choice == "3":
            view_equipment()

        elif choice == "4":
            view_bookings()

        elif choice == "5":
            search_bookings()

        elif choice == "6":
            print("Exiting the system. Goodbye.")
            break

        else:
            print("Invalid option. Please choose a number from 1 to 6.")


main()

4.3 Explanation of the Python Code
4.3.1 Global Lists
equipment_list = []
bookings = []
The program begins by creating two empty lists.
The first list, equipment_list, stores the names of equipment items added by the user. For example, it may contain values such as Laptop 1, Projector A or Tablet 2.
The second list, bookings, stores all booking records. Each booking is stored as a dictionary containing three key pieces of information: student name, equipment name and booking date.
This approach is suitable because the assignment brief allows the use of lists and dictionaries instead of a database. Lists allow multiple items to be stored, while dictionaries allow related data to be grouped together using meaningful labels.



4.3.2 The add_equipment() Function
def add_equipment():
This function allows staff to add new equipment to the system.
equipment_name = input("Enter equipment name: ").strip()
The system asks the user to enter an equipment name. The .strip() method removes unnecessary spaces from the beginning and end of the input. This is useful because a user may accidentally type spaces before or after the equipment name.
if equipment_name == "":
    print("Error: Equipment name cannot be empty.")
This validation prevents empty equipment names from being stored. Without this check, the system could store blank values, which would make the equipment list unclear and unreliable.
elif equipment_name in equipment_list:
    print("Error: This equipment already exists.")
This condition prevents duplicate equipment from being added. Duplicate equipment names could create confusion because staff may not know which item is being booked.
else:
    equipment_list.append(equipment_name)
    print("Equipment added successfully.")
If the input is valid, the equipment name is added to the list using .append(). A confirmation message is then displayed.
This function is important because equipment must be added before it can be booked.

4.3.3 The record_booking() Function
def record_booking():
This function records a new booking.
if len(equipment_list) == 0:
    print("Error: No equipment has been added yet.")
    return
Before allowing a booking, the system checks whether any equipment exists. If no equipment has been added, the function stops using return. This prevents the user from creating a booking for equipment that does not exist.
student_name = input("Enter student name: ").strip()
equipment_name = input("Enter equipment name: ").strip()
booking_date = input("Enter booking date (YYYY-MM-DD): ").strip()
The user is asked to enter the student name, equipment name and booking date. These are the minimum pieces of information needed for a booking record.
if student_name == "" or equipment_name == "" or booking_date == "":
    print("Error: All fields are required.")
    return
This validation ensures that the booking record is complete. If any field is missing, the system displays an error message and stops the function.
if equipment_name not in equipment_list:
    print("Error: This equipment does not exist in the system.")
    return
This check ensures that only registered equipment can be booked. It protects the accuracy of the booking records.
for booking in bookings:
    if booking["equipment"].lower() == equipment_name.lower() and booking["date"] == booking_date:
        print("Error: This equipment is already booked on that date.")
        return
This section checks for booking conflicts. It loops through existing bookings and compares the equipment name and date. The .lower() method makes the comparison case-insensitive. For example, Laptop 1 and laptop 1 are treated as the same equipment.
If the same equipment is already booked on the same date, the system prevents the new booking from being saved. This improves the system because it reduces the risk of double-booking.
new_booking = {
    "student": student_name,
    "equipment": equipment_name,
    "date": booking_date
}
A dictionary is created for the new booking. The dictionary uses meaningful keys, which makes the data easier to understand.
bookings.append(new_booking)
print("Booking recorded successfully.")
The booking dictionary is added to the bookings list, and the system displays a confirmation message.

4.3.4 The view_equipment() Function
def view_equipment():
This function displays all equipment currently stored in the system.
if len(equipment_list) == 0:
    print("No equipment has been added yet.")
If the equipment list is empty, the system displays a message explaining that no equipment has been added.
else:
    print("\nAvailable Equipment:")
    for index, equipment in enumerate(equipment_list, start=1):
        print(f"{index}. {equipment}")
If equipment exists, the program uses a loop to display each item. The enumerate() function adds numbering, which improves readability. This is useful for staff because it presents the equipment list in an organised way.

4.3.5 The view_bookings() Function
def view_bookings():
This function displays all booking records.
if len(bookings) == 0:
    print("No booking records are available.")
If no bookings exist, the system displays a clear message.
else:
    print("\nBooking Records:")
    for index, booking in enumerate(bookings, start=1):
If bookings exist, each booking is displayed with a booking number.
print(f"Student: {booking['student']}")
print(f"Equipment: {booking['equipment']}")
print(f"Date: {booking['date']}")
The program prints each part of the booking clearly. This supports usability because staff can easily read the records.

4.3.6 The search_bookings() Function
def search_bookings():
This function allows staff to search for a booking by student name or equipment name.
if len(bookings) == 0:
    print("No bookings are available to search.")
    return
The system first checks whether there are any bookings. If there are no bookings, searching would be unnecessary.
keyword = input("Enter student name or equipment name to search: ").strip().lower()
The search term is converted to lowercase. This makes the search case-insensitive.
if keyword == "":
    print("Error: Search term cannot be empty.")
    return
The system prevents empty searches.
results = []
An empty list is created to store matching results.
for booking in bookings:
    if keyword in booking["student"].lower() or keyword in booking["equipment"].lower():
        results.append(booking)
The system checks each booking. If the keyword appears in either the student name or equipment name, the booking is added to the results list.
if len(results) == 0:
    print("No matching records found.")
If no results are found, the system displays a clear message.
else:
    print("\nSearch Results:")
If results are found, they are displayed in a readable format.
This feature is important because it improves efficiency. Staff do not need to manually review every booking.

4.3.7 The display_menu() Function
def display_menu():
This function displays the menu options.
The menu includes:
1. Add Equipment 
2. Record Booking 
3. View Equipment 
4. View Booking Records 
5. Search Bookings 
6. Exit 
Using a separate menu function improves maintainability. If the menu needs to be changed later, the developer only needs to edit this function.

4.3.8 The main() Function
def main():
The main() function controls the whole program.
while True:
The loop keeps the program running until the user chooses to exit.
choice = input("Choose an option (1-6): ").strip()
The user enters a menu choice.
The program then uses conditional statements:
if choice == "1":
    add_equipment()
Each choice calls the correct function. This creates a clear connection between the menu and the system features.
elif choice == "6":
    print("Exiting the system. Goodbye.")
    break
If the user chooses option 6, the program exits by breaking out of the loop.
else:
    print("Invalid option. Please choose a number from 1 to 6.")
If the user enters an invalid option, the program displays an error message instead of crashing.


5. Testing and Debugging
5.1 Importance of Testing
Testing is a vital stage in software development because it confirms whether the system behaves as expected. A program may run successfully but still contain logical errors. For example, a booking system may accept bookings but fail to prevent duplicate bookings. Testing helps identify these issues before the system is used in a real environment.
Testing supports:
· Functional correctness 
· Reliability 
· Data accuracy 
· User confidence 
· Error prevention 
· Maintainability 
For Bright Minds Academy, testing is especially important because incorrect booking records could affect students’ access to equipment.

5.2 Testing Strategy
The system was tested using several types of testing.
5.2.1 Positive Testing
Positive testing checks whether the system works correctly when valid information is entered. For example, adding Laptop 1 should successfully store the equipment.
5.2.2 Negative Testing
Negative testing checks whether the system responds correctly to invalid information. For example, entering a blank equipment name should produce an error message.
5.2.3 Boundary Testing
Boundary testing checks situations at the edge of expected behaviour. For example, trying to view bookings when no bookings exist tests how the system behaves with an empty list.
5.2.4 Functional Testing
Functional testing checks whether each requirement has been met. Each menu option was tested separately to confirm that it performs the correct task.

5.3 Test Plan
	Test No.
	Feature Tested
	Test Input
	Expected Result
	Actual Result
	Pass/Fail

	1
	Add equipment
	Laptop 1
	Equipment added successfully
	Equipment added successfully
	Pass

	2
	Add empty equipment
	Blank input
	Error message
	Error message shown
	Pass

	3
	Add duplicate equipment
	Laptop 1 twice
	Duplicate error
	Duplicate error shown
	Pass

	4
	Record booking with valid data
	John Smith, Laptop 1, 2025-02-10
	Booking saved
	Booking saved
	Pass

	5
	Record booking with missing student
	Blank, Laptop 1, 2025-02-10
	Error message
	Error message shown
	Pass

	6
	Record booking with unknown equipment
	John Smith, Camera 1, 2025-02-10
	Equipment error
	Equipment error shown
	Pass

	7
	Record duplicate booking
	Laptop 1 on same date twice
	Conflict error
	Conflict error shown
	Pass

	8
	View equipment
	Existing equipment
	Equipment list displayed
	Equipment list displayed
	Pass

	9
	View bookings
	Existing booking
	Booking displayed
	Booking displayed
	Pass

	10
	View bookings when empty
	No bookings
	No records message
	No records message shown
	Pass

	11
	Search by student
	John
	Matching record shown
	Matching record shown
	Pass

	12
	Search by equipment
	Laptop
	Matching record shown
	Matching record shown
	Pass

	13
	Search invalid keyword
	XYZ123
	No result message
	No result message shown
	Pass

	14
	Invalid menu choice
	9
	Invalid option message
	Invalid option message shown
	Pass

	15
	Exit system
	6
	Program ends
	Program ends
	Pass





5.4 Debugging Report
5.4.1 Empty Input Errors
During early testing, it was possible for users to enter blank values. This would create incomplete records and reduce the reliability of the system. The issue was fixed by using .strip() and checking whether the input was equal to an empty string.
Example solution:
if equipment_name == "":
    print("Error: Equipment name cannot be empty.")
This prevents blank equipment names from being stored.

5.4.2 Duplicate Equipment Issue
Another issue was that the same equipment could be added more than once. This could confuse users because two identical names may refer to one item. A duplicate check was added.
elif equipment_name in equipment_list:
    print("Error: This equipment already exists.")
This improves data consistency.

5.4.3 Double-Booking Issue
A significant improvement was the addition of conflict detection. Without this, the same equipment could be booked twice on the same date. This would fail one of the main practical purposes of the system.
The solution checks each existing booking:
for booking in bookings:
    if booking["equipment"].lower() == equipment_name.lower() and booking["date"] == booking_date:
        print("Error: This equipment is already booked on that date.")
        return
This prevents duplicate bookings for the same equipment on the same date.

5.4.4 Search Case Sensitivity
Initially, searches could be case-sensitive. This means searching for laptop might not find Laptop 1. The issue was fixed by converting both the keyword and stored values to lowercase.
keyword = input("Enter student name or equipment name to search: ").strip().lower()
This improves usability because users do not need to match the exact capitalisation.

6. Evaluation
6.1 Overall Success of the System
The final system successfully meets the main requirements of the assignment. It allows Bright Minds Academy staff to add equipment, record bookings, view equipment, view booking records and search bookings. The system also includes validation and basic booking conflict detection, which improves it beyond a very basic implementation.
The program demonstrates important software development principles, including abstraction, decomposition, algorithm design, modular programming, testing and evaluation. It is suitable for a small educational organisation because it is simple, understandable and easy to operate.

6.2 Strengths of the System
6.2.1 Clear Menu-Driven Interface
The system uses a simple menu with numbered options. This makes it easy for staff to understand what actions are available. A menu-driven system is suitable for users who may not have technical experience.
6.2.2 Modular Programming Structure
The program is divided into separate functions. This is a strong design decision because each function has a single responsibility. For example, one function adds equipment, while another records bookings. This improves readability and makes the program easier to maintain.
6.2.3 Appropriate Use of Data Structures
Lists and dictionaries are used effectively. A list is suitable for storing equipment names, while dictionaries are suitable for storing booking records because each booking contains multiple related values.
6.2.4 Input Validation
The system includes validation checks to prevent incomplete records. This improves the quality of the data stored in the system.
6.2.5 Double-Booking Prevention
The system prevents the same equipment from being booked twice on the same date. This is a particularly useful feature because it directly addresses one of the main problems with manual booking systems.
6.2.6 Search Functionality
The search feature improves efficiency by allowing staff to locate records quickly. It supports searches by student name or equipment name and is not case-sensitive.

6.3 Limitations of the System
6.3.1 No Permanent Storage
The main limitation is that data is stored only in memory. When the program closes, all equipment and booking records are lost. This is acceptable for a basic programming project but would not be suitable for a real academy system.
6.3.2 No Database
The system does not use a database. This keeps the project simple but limits scalability. A database would allow more reliable long-term storage, faster searching and better organisation of larger datasets.
6.3.3 No Graphical User Interface
The system is console-based. While this meets the project requirements, a graphical user interface would be more user-friendly for staff in a real workplace.
6.3.4 Limited Date Validation
The program asks for the date in YYYY-MM-DD format but does not fully verify whether the date is valid. For example, a user could enter an impossible date such as 2025-99-99. This could be improved using Python’s datetime module.
6.3.5 No User Authentication
The system does not include login accounts. In a real organisation, only authorised staff should be able to add equipment or create bookings.

6.4 Future Improvements
6.4.1 File Storage
A simple improvement would be saving data to a text file or CSV file. This would allow records to remain available after the program closes.
6.4.2 Database Integration
A more advanced improvement would be using SQLite or MySQL. A database would improve data persistence, searching, reporting and scalability.
6.4.3 Graphical User Interface
A GUI could be developed using Tkinter. This would provide buttons, forms and tables, making the system easier for non-technical users.
6.4.4 Improved Date Validation
Python’s datetime module could be used to check whether dates are entered correctly and whether they are valid calendar dates.
6.4.5 Login System
A login system could be added so that only authorised staff can use the program. Different permission levels could also be introduced.
6.4.6 Reports and Exporting
The system could export bookings to CSV or PDF. This would help staff create reports and share records with management.

6.5 Personal Reflection
This project improved my understanding of how software is planned, designed, implemented and tested. It showed that programming is not only about writing code but also about understanding the user’s problem and developing a solution that is appropriate for the context.
The project helped develop skills in:
· Python programming 
· Data structure selection 
· Algorithm design 
· Problem decomposition 
· Input validation 
· Testing and debugging 
· Critical evaluation 
One important lesson from this project is the importance of planning before coding. By using pseudocode and diagrams, the final program became easier to write and understand. Another important lesson is that testing must include both valid and invalid data. This helps identify weaknesses that may not be obvious during development.
Overall, the project was successful because it produced a working system that meets the main requirements and demonstrates core software development principles.
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8. Appendices
Appendix A – Example Equipment List
Laptop 1
Laptop 2
Projector A
Tablet 1
Camera 1

Appendix B – Example Booking Record
Student: John Smith
Equipment: Laptop 1
Date: 2025-02-10

Appendix C – System Overview Diagram
+-------------+       +----------------+       +--------------+
| User Input  | ----> | Python Program | ----> | User Output  |
+-------------+       +----------------+       +--------------+
       |                      |
       |                      v
       |              +----------------+
       |              | Lists & Dicts  |
       |              +----------------+

Appendix D – Main System Functions
	Function
	Purpose

	add_equipment()
	Adds equipment to the system

	record_booking()
	Records a new booking

	view_equipment()
	Displays equipment list

	view_bookings()
	Displays booking records

	search_bookings()
	Searches bookings

	display_menu()
	Shows menu options

	main()
	Controls the whole program




